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DRIVING CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an EL pixel 
driving circuit which operates in stages that comprise a 
programming stage and a reproduction stage. 
SOLUTION: The EL pixel driving circuit comprises a 
plurality of current paths each of which passes through 
the circuit, a current driven element, a transistor 
connected so as operatively to control the current 
supplied to the element, a capacitor connected for 
storing an operating voltage of the transistor during the 
programming stage, and switching means which control 
the current paths, and the arrangement is such that one 
of the current paths does not include the element. No 
current is applied to the current driven element by the 
current controlling transistor during the programming 
stage and thus the overall power consumption is 
reduced. Furthermore, the circuit can be operated from 
a normal supply voltage rather than requiring a high bias 
voltage. During the programming stage, the circuit uses a 
current sink rather than a current source. 
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(57) imm 

[mm] /p^^^T-^wy^o^v/ay 

[ftfifc^®:] E LK?li!§gS)[gsgtt, --tix-eti^SBSilElK 

Harnett, iMW h7y-^^^f>i»w§n 
*v\ *<ofc», ^m^ti^sttigj^^ns, 



_L. 




1 

Ilt^^l] /d^7;>^^t-^ (programming 
stage) IkUV Zfv & ? is 3 (reproduction 
stage) &ttZXT — i?\z&\,*xmft+&m»m96X' 

<^$Hfc h^^**fc, 

ee zwrn-r 5 fc «> icssk $ fc . 

Z<Dm$&ffif& (the arrangement) Tils f!fflSm#ffcS&§ 

[»*«2i el (x^hp^Uyty^) mm 
<Dmm&mb^zitib<Dmmm&xib<*x* 

mfez^m-r z> fc ^ icgas $ jxfcs**?- fc . 

¥»fc. 

mmmix^ y^&n, mis^p^^^^-v* 

Srifi* Lfti^ <fc 5 lc«aK*ixTV^S C fc *«M»fc-r5JSK 
IbBIK. 

^^7; :^*x-^*tc N MIS N^^^^^coftf^ 

MIS^p^^ V^x-^*^lb^|C. MIEh^V 
^*«:iiili-S««ftKSr*CS*6JB 1 <D*4 y^ 

MS^D$f5l2W^^ s/^»fc. 
fflE*l^>fyf?»ll, MIS^p^^ is? XT- 
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$>*<&«iBm«»i&asawB h ? >^ * it swam 

h?tim ist^mmm^ «t t> »j» s *x * c fc * 
^mk-r^wmm^ 

10 -v^l^iifrlE h9^**«r^>ftf— Kfc LTftfN^^r 
/M T* (bias)-r^> J: 5 tw^$nfcffi 3 <D*4 

y ^&&ft*t z> mm ms§o 

K*3^>f y^«i4, mmminx* y^mzm 

[W*«7] »**5lC|E«<0|B»ia»^i3V>T, Aft 

20 BblllKo 

I*** 8 ] m&m 2 7^ 7 <d\ ^ti^mm^mm 

(UKtc^T, MIS h^^v 5 ^^ t^JlciiJtIP<D br> 

U RMBigAl h7>^oy- HWOTB 

coy- Hlc:aN*SixTV^6ii:*:»«4:i-aBftiaiS. 

*x«h,i»q;**f ^^«Sr*-rS*»^i6*P© h7^ 
***r^rU#i6*P h^v^^RtMilHi;*^ s/^*a 

30 r±WJfi«0««w (as aforesaid) fiflSii^P^^ 

w»i- 6 *mx h o X . 

k, 

2] h n/w^^^/ir^x^-?— (OS 

50 y^^^iffiiH-rsmflEaasriiw-t-s^xy^fc 



3 

[«** i 3 ] ffijtm i ismm^m i o <d v ^-r n^ic 

[|f**l 4] ff**l 3tdlE«t^U^ hn/VU 

lit** i s ] if** s ^cls«c^sg»J[H]Ktc^v^T, 
[f***i e] »#«i755i o^v>t^^ie*(d 
[it** i 7 ] it ** 5 \z.mm,<nmm\E\m^te\<^x. 

AMBUS i. !B2, Xt5IB3CD^>f y^aii, ^rtt^tt 
n ^ ^^®(D»JK h7^^tfe6Ct k 

[it** i s ] mmmmm*&&-rz>\s}®T*2boT, 
[if** i 9 ] m^«j^^#^6iijK~cfeox, 

[IS** 2 0 ] 1 8 Xteff** 1 9 CO V *L7^ 

[it** 2 i ] if** 2 o {cie^^^^x. utr 
k* 2 c <om 2 o«ttSKds«nc«R 

its** 2 2 ] is** 2 o icB*<0EKtefci vc, flfl 

[|f**2 3] «**2 0ld|E*^IsJKIC*5V^"C. m 
[ff**2 4] 8***2 OICSB«OEII6-Cfco-C. $ 

bic, wis h ^ >-^^ coy- H-ftiRSfrfc***^- 

ISM2 5] ffl**2 4tdia«co[eI8&'Cfeo'C, $ 
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[ff**2 6] 1***2 5«C|E*OEIKT**>oT. $ 

[«#«2 7] if** 2 5icie«co[His§{-^v>T. m 

[ft** 2 8 ] if** l 8 XHH*9 1 9 cm vffta* 
[fPr**2 9] ff**2 0ir|B«^|HlBtc*3i^-c, mf 

[If** 3 0 ] ft** 2 6 {^1E«cOIh1KI-^V vC. ffi 
[If** 3 1 ] If** 2 0 iCfEf&tOlHl&lw^T, tit 

mm i <a«8tas;RtfiWias& 2 com«&3&te, mie h 9 

20 v * *^tf c k * WfK £ i- 6 SB, 

[If** 3 2] 

■T 6 * A3t*«lt T? * o X , 

30 [W** 3 3 ] «** 3 2 ic|B*^«ft5t^SS«4r^ 
[If** 3 4 ] ft** 1 8 Xteii** 1 9 K!E«cD[b] 

[If** 3 5 ] If** 2 1 JJlE*©[a»«C*5V^T, ttf 

&mk-tz>®& 0 

[If** 3 6 ] HWIEKjiit^ fc , 

[ff**3 7] |f**3 6lcB*^ft-efcoT. S 

e>^. mriBm«igtt^^com«^«^i-6^x5/^ 

[If** 3 8 ] If** 3 6 ^|E«(Z)^ftJw*3V^T, W 

is h ^ ^v 5 ^^ coy- hm/E^0?^com«ics^^Tft 
i>m\i^k^w&Lk-r^m. 

50 [*MO|¥aB*»WJ 



5 

[00 0 1] 
[0 0 0 2] 

*/^£^g^sc t^iigxfcSo {g^y^y^* 

ZkfrX%Z 0 

[0 0 0 3] T^tV^ h V ? ^mMWl^^Z hnyl/ 
^ ^ $/ i? >- * y* J X y> \s4 m <Dm& W * T -T n >^I£»J^f 

y^^^MT^^ (Hi) „ TittBStlRU 

T2f±, 7*-*®E{§#£. fixL^ hn/l^^jy-fe 
^*Sf^ (OELD) &ffi3&o»S^«#£^5fc«><o 

*lTl/^l^#l;ite, fittiT- (storage capacito 
r) Cstoragetd{fc#£;fa5o #BI-W:* P^V^^/VM 

S G 

[0004] mmb?^i?x#Ti~vymmaxffim& 

ott, ^W^lc^ttS LSv^tttEAV t <d 

/^/i^#-eif*(7)ji«*ds^*s— lifts, ;nxtt*L< 

So 

[0 0 0 5] B2l^tEII8H h7y^^#tt(0S 
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5fi5 0 T4IWyf^LTi^tS 0 TUT4 

So fflttSXIj:, T1MT3M7T% T4^t> 
TfcS 0 T4^r^-^(CLfct#, TlWT3^ty^ 
mfe<n (known) fflC^««E^T2*^LT#«|3i 
hnyw^^-zir^x^^- (OELD) (cSfcix&tfJ: 

5t-r*^6 0 t 2(DL^vMii:mffi^ j e^T 2^y^^-— 
K<h LTiWbTv>s (T3^y) ttffi-eai^Stt, 

So utL^P^7^^f-^ (programming stag 
e) -C*So T3f2, T 2<D KKVM^ hfffl£2a 
jftU T 2Sr^-Y^- K<^«ffi— t«It)#^5o T2t? 
ttaj£*L6L#lHfi«JEEfct. T3WTl»7Wt 

K:J;»3Si«aMJW&§n^ W;fc«rH:tf>*3K (slope) 2* 

20 pJittTfcott, y 3 yfS (reproduced 

«9 y ^n^^i/a yiS^/p^7A«^i<^c 
ttS 0 H2(C^SixfcAVT2 J*. fiSft-efcot, 

[0006] 02(D^^^ V^^-y— hXU 2/^£> t 5 

^v>-c«> 3g»ji % — sit^««e^^sixSo y^* 

30 ^Va^T-v^ (reproduction stage) f3 t 6 l^^o 

^TB§#rfS 0 

[0 0 0 7] 

So H2^iHiK^i>r«i«js*«w^s^^ 

So 0tt&«JEE.VDDS\ £^&'^T;*®J£VBIAS<£>5*£ 
X^<t5cit)X#^ 

^£^s^mi2&s^\ vN^sttco^— *m«E (1 

40 DAT) ^7 P P^7^t6I^Xt, ^r^W^ 

[0 0 0 8] &§&WXte^ m 2 C0lH3gS$ralilf Z>±X<D 

v > 5 S -T S 0 C<DZ.k l:toT v 

Sgx?fe S ^tt. HT©RW I- J: o XW h ^5Xfc 
^>5o 
[0 0 0 9] 

50 ^ — v^tftS^f- v J {C^oV^Tijb^-rSiKtbIeI3gT-fc 



1> 
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nM<numm ^mw-t^ < s ttfc h ^ ^ ^ ^ t , 

K*««t6Myf¥«i:«:#U coiUKIflfiK (th 

e arrangement) Xte, S(flB«iftS&<0 1 O^MIB^^ 

[0 0 1 0] fc&m&m 2 Affile: EL (xu 

»lHl8&-e&oT. fltrlEP*^!^^ hn/V^s/irV* 
JTF-Sr^TU S9IBIUKf±, mrlE^u^ hn/vUi/ty 

mz-s ana h7>i?**Rrjmm^^? ho^u^t 

f^S^tU fUBIBl^-f y^Jfttt, MlE^n^ 

^ * * s/ i? >- x mmco mm &mm-r st^b (ommm^ -e 

MlE^o^^^v^x-^^^ib^tc, wish 
^ > *? * # * m m -t z> m m & & ± c $ & 5 m 1 <o * a 

k, HSv^^ (current sink) k£#U ffilE^ 1 CO 
£6 J: 5 lw«i*Sft-o*a c i Sr»«k-rsrei!ilBlK^ 40 

[0 0 13] *38M^»5W«tetCj:ntf, xunn 
/WU^ty^^^i««J»t6^fco 50 
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iiii-T 6 «SHKIS SrSHfci- 6^rs/^S:ttS 2f ft^ 

[0 0 14] **W^fB6^««lcJ:ixtf, fiJK*«W 
<7}|g 1 a*bfS 3 (D«ffiov^i*ix^^«SKiblilBS: 1 o 

[0015] #3gW<7)S! 7 (O^fglc J;tbtf , #«W*>llfI 

[0 0 16] *«M^»8co«ffi«cJ:ixtf H «$HBftl!i 

[0 0 17] *3&Mo»9(D««B^<fctttf. mffiiEtt^ 

* zmm-r z> mmzm-rm 1 <nmmm& t . mrnmrnm 
wim+zmm-tzmffitttiiz &i ^ 2 oissis t 

[0 0 1 8] *»M^«fctt«. ^n^7^V^^x-i^ 

ww, /n ^7 y^^r-v?wy 7 p p 3 y 

^6r.k^T*££ 0 HIB, *lflK'li/p^7^^1 
60 ^coj;5*»^W. ^m^t hp 

yV^^ i/ir V^^^-CO^^^g (parasitic capacitanc 
[0 0 19] 
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[0020] *&w<om i (ommmm^^mmmmm 

%&*mZ\^1r 0 h7^^T2lt tix^ho 

Asx^y^i/KM* (oeld) ^(Dmmmu&w&i- 

h U-^^rt^v^^) C 1 h7^ 
2oy— KRt^y — -X<^BIJw«jB!*Jx-CV^ Q 02 

aa^s h^^^^^T i &rg* lx h7^^T2^y 

K^vtt, h7^^T 3(7)y— Kwf 

6 0 h^v^^T 1 (Oy- h^v^^T 2<D^ 
— MdSaS£jft,, h7^^TltT3©y-h(lI 
VMCflSKSixTV^o T 1 hT 3<Dy— HCfct, 20 

i/cf'^-^^^n^ F7>^^T4lt T20K^y 
(OELD) Uiftj|«L-Cl^ 0 >^^y L — 

[0 0 2 1] HI 3 CDlU&Sfi. -?v?7 % IsP^T — i? 

*K T4^^-^x% t l^t^T sr^xov^rnxmi^-r 

^"^CO^fficOT 3tt. T2^t- K£LX»# 
$i3r^>aim^W-r6o Tift :^Wt-K^ 30 

(VGS2. ^-*««IDATU:#JS) 

jevgs2^c ursasttSo iggsiaac/r©R«**e> 40 

3JC*5»t5«|&«JE (VDD) T2^tJ<##^U^h 

S^t, WfcjN^ !H2<olHlK^^v>T^«ir^5^: 
[0 0 2 2] T4^:7<7)ftf§lC&6:7' , n^ ^ ^>/^ 

VBMttm^i'* hP/vU^ty^ (OEL 50 
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^ofc^sm^^i-iSjiidtT^nSo T2 

[0 0 2 3] CI &Wm$tlXT 3 j&SaJ-^tCftofcflL 
T3(D^7lgStfl % c^u-^gd^^P^ CIC 
aiftlSixfc«E^J»*Sr^x.#SWC > T3<z>;*-:7«;6fc 

— *MS*tt:, C 1 tcitt^LX/h$v>c<b^a* bv\ 
[0 0 2 4] V ^m/EVRH. h^Vv>* 

^T4^y- M-siinistLSo Bi3o®i«ic*3tts, y 

•9, TlRt;T3Ht7^4'Cfc5o T2 
te, CHcJ:i9^>fr^SixfcVGS2^J:D««lEJIi:L 

«\ I3l^^t^5 0 

[0025] ia4tt % ^m^mam2<Dmmmm^ 

uxv>5o 04OiEli8^ h7^*J*#T z<n&WLteWL 
j*S0 3co|el&i:SfcoTi^o EI4 (DIUK-eia. T 1 

V-y-^SKSrS* IXC 1 WffittSix 
XV>5 0 H40>lHll&f*, ^^7; r^*^— S^fclT 

3 *s«jtftas_tic:flrB Lxt^^v * £ ^ 5 &xm 3 comas 

[0 0 2 6] El5tt, TfTj-?-* Y V y?X7*JX7> 

tt, H4lc«StLfclfflK^-a'to-&-cjiaS^XV^ 0 El 

<Dte<DX\ mCff (row) <£>H3R|^ PB^I-il^^tt 
<D/ci6. T 3 coy — ^SS^ttKsRoM (column) J:o 
T3^»nfSSett»/hJwaix.6f^Bd5fc ( 5 o ill: 

-e/l/^-y— h^^^-y (multi — gate structure) 
tj&S-C#S 0 ^/W^y- h^^^-^twAPxX, LD 

[0 0 2 7] H)6fi, hn/^^^i/irv 
WWrffiHTfeSo Bl6lc*3V>X, n^-l 3 2«E?L^A 
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(^Hii h ^^v 1 ^^ (current thin film transist 

or) i 2 210*. m^&'Atonwmbvisisxfmihy* 

y— h^h^^^-y (top-gate structure) -^Si^MS 
[0 0 2 8] iEB (forward oriented) #$1^ b n 

j^mmmmmiis, i Tom^Mi^-t^mmi 1 6. 

IE?U£AJi 1 3 2 , &{> + #8S^l^ hD/W^^$/ir^^ 
I13 3^f)M$tl5 0 IE@#I&^^ 
ir^^x^^^W^T- 1 3 ltC^T. *$S^i^ h 

mi 1 5^|^ttrKt6Ct^#S 0 
[0 0 2 9] !E?U£AJil 3 2Mti^l^^ hu/l^ 

ec^m^o i To^co^^ji-^mi^i i 6« s * 

[0 0 3 0] ^SSWSrffli^fci^w *:/u>f ^^/idfeftw 

0. l/^Vi/7^^*f6- (integrated) ffJS h 
7>^^MK7-f^2 10, 7l/^^;l/TABf 
-^2 2 0, M-(*ftRAM/^yhP-7 (integr 
ated RAM/controller) W^«7to^K7>f/<LS 
I 2 3 0fl>fc«riiS;ft,5, t)^6A/C^l #3&W«rfi] 

[0 0 3 1] ^r^mu^ hD/^^^-zirv^^V^^^ 
[0 0 3 2] «^.tfBI3(0|lIKSr#Ra*t-6i:. 
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T60y-^|j:h7y^^T2, T3, &I>*T4<D5fc 
il^©0fl^^$ttTV>>5o h7^^T6©y- 

^v 5 * ^ T 2 (D^^^W/ L "C& 9 . h7 >^ ^ T 5 
co«H4^ (n-1) w/Li:*6J:5l-a«StL6i:te 

I out = IinXN 

10 ^*3lt6IDATt?fcS 0 IdutttWttt^u* h PA^*y1r 
El3^r/[g]4(7)[Hl^^lt^LT. t«xu 
oo N I DATOffiSr(B;«S^r5C t^-e*<5o I DAT<7){g 

'**MzfflLx&mzmmx&>z>o 

20 [0 0 3 3] <>*>^>A^ iiAPCO b9>i?X*T 5%.XfT 

9\z (a. Bfrt'x) ^-f±?\^. mmmmzti. 

[0 0 3 4] m 3 72r^H 9 {c^ LfclUBgte, «h7V 

30 ds»*u<. ttff^K^y^y^yiih^^ 

[0 0 3 5]*», SIWmM. =i^t: 0 ^-^. GD 

[0 0 3 6] ±&<Di(m^^? b v/ls***/^Z/Xy*4 

[0 0 3 7] <1 : fV^^\?^ — $ >±^cO|HfS 

40 ^co5*>co lolciSr^x/^^t^Ifflt^ 

[0 0 3 8] ilOli, Z<D'<— — $ (O 

^--^ 1100I1 Kl 1 0 2Sr^tf*ft:i 1 

0 4, RXfi7**xyi"( V 1 1 0 6 £H;i6 0 C 

ztiitfj x^is-i s**/i'&m^x±m<Dmzmm>£ti 

50 [ 0 0 3 9 ] < 2 : M1IS>W^ SdffirWISiO^^ ^ 
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ov*TR0H-*o Ull HI coj*«?miS^»^S:*^ 
•AiBifH-e**. H*. *#«Si 2 0 0(1 

tftfls*- 1 2 0 2. 7s 1204, 7^120 

x^uj s<*A,&m\/*X±ft<amzm&>£tiX^&o 
[0 0 4 0] <3 : *f A** * 9 Wttl 

[0 0 4 1] ii^O*;* 9*1 «^ft:03te^Pl««:7^ 
/VAtC^^^^^^N s fi?9A'X?-A'll* 9 13 0 0 
H «tfl WHflS^*^ (CCD) Sr/Bi^T3ftra» 

Of^^/V^f/V*^ 7 1 3 0 0 tt, ^ 1 3 0 2(7) 

^Mlc, C C D^^^)®Mt^i^t f^^tr 5 
mu^ hn/i^^ir^Ilf^-l 0 0£H;t<5o ^rcofc 
£>, ^(Df^x/K/^;V1 0 011 l£^#;£r^jH- 

^r^^^S:^:^ 1 -— y h (photo acceptance unit) 1 3 

0 4 i&S, ^ 1 3 0 2^il (I8<0«;£) {Cii^oX 

[0 0 4 2] JR»#dS#«|3iU^ hn^^^5/ir^^^ 

$/ ^-I:»t6 ^ C C D^f)(OlM^gl$^ 
BIKfiKl 3 0 8tVD**}> l^#*n^c Cco^v?^ 

/i^^/i^y 9 l 3 o o-en ^ i 3 o 2<o®m\^ 

^^w-^m^w^i 3 1 2^^-^3iff^Am^« 

^l3i4Wte>ix'CV^o il^^ixxi/^ J: 5 
lc s jftKioCCT, TV^e^^ 14 3 o&t^— y^/v 
^ytv-^i 440^ -t*i*h,. tV^-m^T-i 

3 1 2MAttiMf 1 3 1 4iC^-r6 0 jJrSOjfcfls 
fcJ:«k [HlSSSffil 3 0 8<£>y^ey fc:«#£ixfcMfc« 
TV^e^^ l 4 3 o w^-yt/v^yev-^ 

1 4 4 0^fflAti6 o 

[0 0 4 3] [2] 1 Ol^Lfc^— y-^/V^V-t: 0 ^ — 
01 1 1M, Mil 2^^/^fW^7 

!7-^Xr-i/3 >\ TVI 
IS. POS^rASt Rt/^y^*/H*#^/M 

[0 0 4 4] #*WoJBftla!Ktl x-f^UM^—s/ 
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[0045] «&sfc<&Kw-cr±. *^0^coigaiiHi^fi«^ 

H $£^C}g;6tR AM, ^Sir^ih (capacitance senso 
r) , iE^-tr^lr (charge sensor) , DNAt^f, Pgr 

[00 4 6] 01311 #»W<are»0&<&«ftR AM 
— tf>JSJ8&*L-C^-5„ 813m 8*^yKtff» 
10 MHT^tTi^o 

[0047] Bun *»w^w«iiEia©«»tsa:* 

^OJSfflSr^U-CV^o 114X11 ««^5/KSr«F 

[0 0 4 8] 131 5 fl *^P^OJ|gi5lHlSg(7)^ftir^ 

H irV^^S^^f- (sense capacitor) ^r^f-^C sense 
X^lTV^o HI 1 5 ffi^iryf^DNA^ 

[oo49] u i 6 n ^mm<ommm^(o^u^ * ? 
[0050] ±m<D<&fet$tifcmm\^^^x^istifcm 

ttftV\ 01711, 0 4 OHIK^^J^Wm 

ft«K&^Lfcfc«0^&£ o 017^[HKm SBlbh 

[0 0 5 1] 03^01 6£-et£BBLTKW£ft*:« 
30 j&t^l *^^«SB^^J&flJi-r6C^/ t C<, ffl^co^ 

[BBon^Hni 

[01] 2fiiOh7^^S:ttfflLfc, fl§*<Z)W« 
[0 2] L#VMKTO»««»fc*i-&, 

40 [0 3] *&w<n%ii<omMmmz&&mmm®m& 

[04 ] *mw<nm 2 oUffi^ffiir J: SBfsRJBIblBlK 

[0 5 ] h y ^^^tt^-f ^^^>riw*3Jt5*»W 

S^LTt^o *W*B:H4^EII6S:«fflU-CV^ 
[0 6] *lfc»«fcj:a#«3i^^ hnyw 

50 [07] *iWHJ:6fix^ ho^U^ty^ 
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[ BB 9 ] #38 W I- J: 5 ®m^ihIeJK (^S'J <£>HJtol£1» £ 
[mi 0] *5SW<opf**»lili6S:#f S^-f^^u 

stm-eks. 

[Hill] *»W<opS*B«i|iliSS:*-r*9 f -f ^^u- 

[mi 3] *ftw<Dmmtm&<Dm^RAM^<Df&m& 

[ID l 4 ] **W<oK«iIil«o«»«St*^o«s:ffl 

[m i 5] *^p^^igt5[Hig&(7)^ft'fe^^x^m^ir 

[(Hi 6] *35W<^ffi»leIjK(7)fflPK*^ 

[817] m 4 0!>glK<oK«M^<IS«rffi^d# tt 
v^5o 



16 



[«F^(OKW] 
TU T2. T3, T4 h7^^ 
CI ^ffl^S 
VP /n^7AiH 
VDD flfcit&WE 

IDD v'—^mtfi 

VR yyp^v/ay«E 

13 2 jE?Li£AJf 

13 3 ti^V^ hP/l/Uyt^I 

io 151 ma 

12 1 y^^^SWR h^^v 5 ^^ 

12 2 n ^ :^A'*H«iftiW* h y ? 

131 ^r^mu^ h ^ ^/ir >-^^> ^-yu^ 
115. 116 urm 

2 0 0 T 9 7~ Zf-v h y ^S^PHktU^ Fp/V; 

2 10 »Ih7^^^^rt^^K7>f^ 
2 2 0 "7 l/^^VTABf-/ 
2 3 0 ^.gRT^P^K^-r^ 

20 1100 /^yt/v^yta-^ 

1200 mmmu 

1 3 0 0 *r*J9A'**?-A'jj*7 
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[IHSIgiHftiS] 

1 . Tit le cf the invention 

Circuit, Driver Circait, Organic E i e c t r q 1 irai no s c e n t Display Device, Elec 
trc-optical Device, Electronic Apparatus, Method of Controlling The Co r r 
eot Supply tc an Organic 1 1 1 c 1 1 c 1 ami dc s cc n t Pixel , i ad Method for flrivin 
g a Circuit 

2. Claims 

1. A driver circuit operating in stages that comprise a programming a 
tage and a reproduction stage, the circuit comprising: a plurality cf en 
neat paths each of which passes through the circuit, % current driven e 
lenient, a transistor connected so as operative!)? to control the current 
supplied to the said element, a capacitor connected lor storing an open 
ting voltage cf the transistor during the pr c g r amm i sg stage, and switchi 
ng means which control the current paths, the arrangement being such tha 
l one cf the cirreot paths does not include the said clement. 

2. A driver circuit for driving a piiel cf an electroluminescent de 
vice, the pixel including ao e 1 e c t r o loini oe s cen t element and the circiit N 
comprising: a transistor connected s c as fi pe r a t i v e 1 v tc contio! the con 
eot supplied to the electrclominescent element, a capacitor connected fo 

r storing an operating voltage of the transistor duriog a programming st 
age. a first switching means connected so as tc establish when operative 
a current path through the transistor during the programming stage, and 
a se-cond switching means connected so as tc establish when operative a 
current path through the transistor and the e 1 e c t i c 1 omi nc s c e a t element d 
nring a reproduction stage, wherein the first switching means is connect 
ed such that the current path dnring the programming stage does not pass 
through the electroluminescent element. 
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3. A driver circuit for driving a piiel cf an e I e c t r c 1 umi oes cent de 
Tic*, the pixel including an electroluminescent element and tht circuit 
comprising; a transistor connected so as cperativclj tc cGotrcl tbe curr 
ent supplied te the e I ec t re I umioe scent element, a capacitor connected fo 
r storing an operating voltage cf the transistor during a pr ogrammi eg st 
age, a first switching mans connected sc as tc establish when operative 

a current path through the transistor during tht programming stage, a s 
eccnd switching means connected so as to establish when operative a cprr 
cut path through tie transistor and the e I e c t r o 1 am i o e s c e n t element d u r I q 
g a reproduction stage, and a current sink, the first s wi tch i ng mea os be 
ing connected such that tbe torrent path daring the programming Stage is 

through the transistor to the current sink. 

4. A driver circuit as claimed io claim 2 ox 3. wherein the first a 
nd second stitching means are controlled by respective control signals s 
eparate f r cm each other . 

5. A driver circuit as claimed in any cf claims 1 to 4. further com 
prising a third switching means, the third switching means being connect 
ed tc bias the transistor to act as a diode during the programming stage 

6. A driver circuit as claimed io cJaira 5, wbereio the third switch 
ing means connects the first switching means tc the scarce/drain current 

pathof the transistor. 

7. A driver circuit as claimed in claim 5, wherein the third switch 
iog means connects the first switching means to the gate of the iransisi 
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or . 

8 . A driver circuit as claimed io a n j cf claims 2 tc 7 r wherein an 
additional transistor is connected in parallel with tin: said transistor, 

an additional switching means i n t e r ecu nec 1 1 the drains cf the iraosistc 
rs, and the gate cf the additional transistor is connected to the gate o 
f the said t ransis tsi. 

9. A driver circuit as claimed in claim 8, comprising a plurality c 
i additional transistors each vith a respect ire additional switching me a 
as, each additional transistcr and additional switching means being conn 
ected as aforesaid vith the additional svi t c h i ng means being connected i 
n series with each ether. 

10. A driver circuit as claimed in any preceding claim, therein the 
circuit is implemented vita pclysiiiccn thin film transistors. 

11. A method of controlling the current supply tc an e 1 c c t ro I imi nes 
cent element ccmprising the steps c f. pr c ? i d i ag a current path during a p 
rcgrammiog Stage which path dees not pass through the e I e c t f c I umi nc Scent 

clement and of providing a current path during a reproduction stage vhP 
ch path does pass through the e 1 < c t r c I urn i ne * c e n t element. 

12. A method of controlling the current supply to an electrolumines 
cent element comprising the Steps cl providing a current path during a p 
rcgr ammi fig stage vhich path connects tc a current sink and of providing 

a current path during a reproduction stage which path passes through the 
electroluminescent element. 
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13. An electiQltmiieScett display device comprising cue cr more dri 
ver circuits as claimed in any of claims 1 to 10. 

H. An electronic apparatus incorpcTating 30 e i e c t r 0 I um i 0 e s c en t dis 
play device as chined io claim 13. 

15. A driver circuit as claimed in claim 5, wherein the third switc 
hing means is disposed between the capacitor and the first switching mca 
OS . 

16. A driver circuit as claimed in any of claim? I to 10, wherein t 
he said traosistcr is a p-channel thin film transistor 

17. A driver circuit as claimed in claim 5, wherein the first, the 
second, and the third niching means are formed of respective n-cbancel 
t b i n film transistors. 

IS. A circuit comprising a corrcot driven element, the circuit pro* 
idiog a first current path including the current driven element aod 1 st 
c c d d current path net including the current driven element. 

19. A circuit comprising a correct driven element, the circuit picv 
iding a first corrent path Flowing a current through the current driven * 
element, and a s e c 0 g d current path net flowing current thrccgh the carre 
d t d r i t e 0 clement. 

2D. The circuit according Ic claim 18 cr claim 19, farther ccmprisi 
ng a transistor for controlling a current supplied to the current driven 
e 1 emeu t . 
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21. The circuit according tc claim 20, wherein the secuod current p 
a t h is disposed so tbat the second current path is enabled tc be connect 
ed tc a power source. 

22. The circuit according tc claim 2D, wherein tht second enrrent p 
a t b further includes a first switching means, 

23- The circuit according tc clatn 20, wherein the second current p 
ath includes at least one of the transistor and another tiansistoi that 
determines a current flowing t b : c n g h i the transistor. 

24. Tic circuit according tc claim 20, further comprising a capacit 
Of connected tea gate of the transistor. 

25. The circuit according to claim 24 T Inrther comprising a second • 
switching means disposed between the enrrent driven element and the tran 
sister. 

26. The circuit according to claim 25, further comprising a third s 
witching neans disposed between the i i t « t switching means and the capaci 
tor. 

27. The circuit according to claim 25. wherein the first switching s 
means and the second switching means are controlled by respective centre 

1 signals separated from each ether. 

28. The circuit according to claim 18 or clain 19, wherein the cur 
ent driven element is an organic e 1 e c t r c 1 urn i ne s c e n t element. 
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2?. The circuit according to claim 20, wherein the transistor is a 
p-chanotl thin film transistor. 

30. The circuit according to claim 26, wherein the first, the seccn 
d ; and the third switching means are n-channc] thin film transistors. 

31. The circuit acccrdiog ic claim 20, wherein the first current pa 
th and the seccnd current path including the transistor 

3 2. A n electrc-cpt ical device h a ? i n g a plurality of p i * e 1 $ and at I 
east enc pixel comprising a circuit with a correct driven element and a 
current determining neans for determining a correal according to a data 
signal, the circuit providing a firsi carrent path including the carrent 
driven clement and a second carrent pith not including the enrrent drir 
ea el emen i . 

33. An electronic apparatus including the electrode pi icil dence ac 
c c r d i ng tn claim 32. 

34. The circuit acccrdiog to claim 18 er claim 19. wherein the secc 
nd current path is connected to a current sini. 

35. The eireoit acccrdiug tc claim 2l ; wherein the second current p % 
at h is connected to a current sink. 

36. A method for driving a circuit comprising a current driven elem 
ent and a transistor that controls a current supplied tc the current dri 
ven element, 'cempr is jog a step of determining a gate voltage of the tran 



sistor based en a predetermined current. 

37. The method according to claim 35. further comprising a step of 
supplying a current to the current driven element. 

38. The method according to claim 36, wherein no current is supplie 
d tc the current driven element during the step of determining a gate rc 
Itage cf the transistor hased on a p i e d c t t rm i n e d current. 
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3. Detailed Description c( I a v e c 1 5 c n 

The present inientico relates, iatei alii, tc a drivei circuit. One p 
articalai application of s a c b a driver circoit is icr driving a pixel of 
an ciganic e 1 e c t r o I urn i n e s c e o t device. 

An organic e 1 e c t r o-l umi n« s ccn t (OEL) element comprises a light emittin 
g material layer sandwiched b c t w c c u to anode layer and a cathode layer. 
Electrically, this element operates like a dicde. OpticalIy : it emits 
light when forward biased and the intensity of the emission increases ffi 
th the forward bias corient. It is possible tc construct a display pane 
I villi a matrix of OEL elements fahricatcd cn a transparent snbstrate as 
d with at least one cf the electrode layers being transparent. One can 
aWc integrate the driving circuit cn the sane panel by using lew temper 
attire p c I y s i 1 icon thin film transistor [TFT) technology. 

(n a basic analog driving scheme for an active matrix OEL display, a m 
ioimoro cf Iwc transistors are required per pixel (Figure l): Tj is for a 
ddressing the pixel and T 2 is for converting the data voltage signal int 
o current which drives the OIL element at a designated brightness. The s 
data signal is stored by the storage capacitor Cstcrage when the pixel i 
s net addressed. Although p-channel TFTs are shewo in the figores, the 
same principle can also be applied for a circuit vitb o-channel TFTs. 

There are problems associated with TFT analcg circuits and OEL element 
s do not act liie perfect diodes. The light emittiog material dots, hew 
ever, have relatively anifcrm characteristics. Doe tc the nature of the 
TFT fabrication technique, spatial variation cf the TFT characteristics 
exists over the entire panel. One of the most important coosideratiens 
in a TFT analog circnit is the variation cf threshold voltage, ^Vp, fr 
om device to device. The effect cf such variation in an OEL display, ex 
acerbated by the non perfect diode behavicor, is the non-uoiform pixel b 
rightness over the display panel, which seriously affects the image qua) 
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ity. Therefore, a built-in circuit Ioj compensating a dispersion of 1 1 a 
nsislcr characteristics is required. 

A circuit shown in figure 2 is propose] as quo c f built-in (or compeos 
ating i variation of transistor characteristics. Id this circuit, Tl is 

for addressing the pixel. T2 operates as an analog current control to 
pi c r L d « the driviug current. T3 connects between the drain and gate of 
T2 and toggles T2 to be cither a diode or in saturation. T4 acts as a s 
witch. Either Tl cr T4 can be 0)1 at an? cue tine. Initial I ^ , Tl and T3 

are OFF, and T4 is ON. When T4 is OFF, Tl and T3 arc O.N, and i current 

of known value is allowed to flow into the Oil element, through T2 . Th 
is is the prcgramming stage because the threshold VGltage of 12 is mease 
red frith 12 operating as a diode (with T3 torned ON) while the piGgrammi 
iig current is allowed to flew thrcngh Tl , through 12 and late the OEL el 
eraent. T3 shorts the drain and gate cf T2 and turns 12 in to a diode. 
The detected threshold foliage cf T2 is stored by the capacitor CI cenne 
cted between the gate and scarce terminals of T2 when T3 and Tl are swit 
ched OFF. Then T4 is turned ON, the current is new provided by . ff s 

the slope of the catput characteristics were flat, the reproduced curre 
nt would be the same as the pregra mined current for any threshold voltage 

cf T2 detected. By turning ON T4, the drain-source voltage of T2 is pu 
lied up, so a flat output characteristic will keep the reproduced currco 
t the same as the programmed current. Note that V T2 Shown in figure 2 

is imaginary, nut real . 

A constant current is provided, in theory, during the active programrai 
ng stage, which is t2 tc t5 in the timing diagram shewn in figure 2. To 
e reproduction stage starts at t6. 

The circoit of figure 2 is advantageous bot there is an cn-gcing desir 
e to redice puwer coDUumptifin. In particular, implementation of the cur 
rent-source is the circuit cf figure 2 requires a bias voltage (Vgj^g) i 
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q addition to the supply voltage (V^q) . Although the Supply voltage (Vq 
rj) could be increased to cover the required bias voltage C v fi I AS^ ff ^ c{l 
w c u t d have the advantage of reducing the component count, there is still 

an overall increase in system powex consumption to prcgiaia with any t a f 
iie cf data current v ^ DAT' • 

Attention is, by the present invention, drawn to the fact fiat all cur 
rent* passing through the circuit of lifore 2 pass through the OF L e i erne 
nt. The significance cf this to the present invention will be apparent 
frcm the description gircn hereinafter. 

Accord ids tc a first aspect cf the present invention there is provided 

a driver circuit operating iu stages that comprise a prograrnmi og Stage 
and a reprednct ten stage, the circuit comprising: a plurality cf current 

paths each cf which passes through the circuit, a current driven elemen 
t, a transistor cuuoecied $ c as cpcratirely tc control the curjent soppl 
ied to the said element, a capacitor connected for storing an operating 
voltage cf the transistor during the p r eg r arooi n g stage, and switching me 
ans which control the carrent paths, the arrangement being Such that one* 1 

of the current paths dees net include the said element. 
According tc a second aspect of the present invent ion there is provide 
d a driver circuit for driving a pixel cf an electroluminescent device, 
the piiel inclidiug an electroluminescent element and the circuit compri 
sing; a transistor ' connected sc as operative!? tc control the current su 
pplied to the e 1 e c t r c I nmi n e s c e a t elencnt, i capacitor connected for stcr 
iug an operating r a 1 1 a £ e ci the transistor during a programmi ng .s tage , a 

first switching means connected so as to establish when operative a cur 
rent path through the transistor during the programming stage, and a sec 
ond switching means connected so as to establish when operative a couen 
t path through the transistor and the e 1 e c t r c 1 amines cent element during 
a reproduction stage, wherein the first switching means is connected sue 
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h that the c a r r < d t path daring the programming s t a f e does net pass t h t g u 
gh the e I c c t ro 1 umi ne seen t clement. 
Ac c oi ding to a third aspect of the present invention there is provided 

a driver circait for driving a pixel cf an e I e c t r o I ami n e s c e o t device, t 
he piiel including in electroluminescent element and the circuit ccmpiis 
i n g ; a transistor connected so as operatiiely tc ccotrcl the current sup 
plied to the electroluminescent element, a capacitor connected for stcri 
ng an operating voltage of the transistor during a p r c g r amm i ng stage, a 
first switching means connected sc as to establish when operative a curr 
eat path thicugh the transistor during the programming stage, a second s 
witching means connected so as tc establish when operative a torrent pat 
h through the transistor and the e I e c l t c ( tim i ne s c e n t element daring a rep 
roductico stage, and a current sink, the first Switching means being ccn 
nected such that the current path during the programming stage is thrcug 
h the transistor to the direct sink, 

According to a fourth aspect cf the present invention there is provide 
d a method of controlling the current supply tc ao electroluminescent el 
emeat comprising the steps ci providing a current path during a pragraaim 
ing stage which path does not pass through the e 1 e c t r c 1 ami n e s c e n t elemen 
t and of prsvidiag a correat path daring a reprcdncttcn stage which path 
does pass through the e 1 e c t r o 1 nmi n e s c e n t element. 

According to a filth aspect of the pre&eot invention there is provided 
a method of controlling the current supply tc an e I ec t r c I umi ne s c en t e I e 
meat comprising the steps of providing a current path during a programmi 
ng Stage which path connects tc a current sink and of providing a cuireo 
t path daring a reproduction stage which path passes through the electro 
1 ami ne sc en t 1 1 emen t . 
According to a sixth aspect of the present invention there is provided 
an e I ect i o I nmi aesceat display device comprising one or more driver circ 
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nits according to any of the first tc third aspects cf the present i n v e n 
Men. 

According tc a seventh aspect of -the present iuventica there is p rev id 
ed an electronic apparatus i n c c r pc r a t i d g aa e I e c t r o 1 urn i q e s t e a t display d 
c v i c e according tc the sixth aspect of the present intention. 

According to an eigth aspect c f the present intention there i S p t g v i d e 
d a circuit comprising a current driven element, the circuit providing a 
first current pith including the current d r i ? e a element and a second en 
Trent path not including the correal drhco element. 

According tc a nineth aspect cf the present invention there is provide 
d a circuit comprising a current driven element, the circuit providing a 
first current path finding a enrrent through the current driien element 
, and a second current path net fleeing current through the current driv 
en element. 

According tc a tenth aspect of the present invention there is provided 
a method fcr driving a circuit comprising a current driven element and 
a transistor that controls a current snpplicd tc the current driven e I em k 
ent. comprising j step n 1 determining a gate voltage of the transistor o 
ased on i predetermined current. 

It vill be noted that according tc the present invention no current is 
applied to tbc current driven element by the correct controlling transi 
stor during tbe programming stage. In accordance with the invention in 
an e lectrc luminescent device a pixel driver circuit can be implemented v 
ithout degrading the perceived image presented by the e 1 e c t r o 1 ami n e s c e n t 
device. It has the benefit cf reducing the overall power consumption c 
ompared vith the prior ait in which the same cnrient is supplied tc the 
OEL element during both the programming and the reproduction stage. Fur 
thermore, the circuit can be operated from a normal supply voltage rathe 
r than requiring a high bias voltage asin the prior art. In effect, th 
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e present invent ion pjevides lor separation of ihe p r c g r a mm i n g and the i 
eprodoction current paths. This enables a number of advantages te be ac 
Sieved. Fur example, if there is no current flew through the OEL elemen 
t during the programming stage then the programming Stage operates mere 
quickly - since the arrangement avoids the slew down caused by the paras 
itic capacitance cf the OEL clement. 
<Erabcd imeo t s> 

A pixel driver circuit according tc a first embodiment cf the present 
inventicn is shown in figure 3. Transistor T2 operates as an analog cm 
rent centre! to provide the driving current tc the OEL element. Also, t 
he storage capacitor Cl is connected between the gate and the source of 
tTansistcr TZ. In the circuit cf figure 2, i cirrent source is cpcratii 
e 1 t connected tc the source cf transistor T2 by transistor Tl . during th 
e pr cgr arnmi ng stage, arid coneot is thus applied tc the OEL element. In 
the embodiment of the present invention, transistor Tl operatively conn 
ects traosister TZ tc a current sink dming the pr cgr ammi ag s t age . That 
is. according tc the present invention, during the programning stage no N 
enrrent is supplied through transistor T2 to the OEL element. In the c 
ircuit of figure 3, Ihe drain of transistor T2 is connected lo the scare 
e cf transistor Tl ?ia the source/drain path of transistor T3. The sour 
ce cf transistor Tl is connected tc the gate of transistor T2 and the ga 
tes of transistors Tl and T3 are connected together. The prcgranming ?o 
Itage VP is applied (o the gates of Tl and T3 . Transistor T4, which is 
switched off dming the piogranming stage, connects the drain cf T2 and 
the scarce of T3 tc the OEL element. Baring the programming stage, t r a n 
sister Tl operatively connects transistor T2 to a current sink which is 
tied tc ground or a reference voltage. 
The circuit of figure 3 operates in the programming stage with T4 swit 
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cbed off a d d Tl and T3 switched oo. T3 being switched, co has the effect 
of making T2 act as a diode and Tl connects this dicde tc the data enrr 
cat sink. As a result, capacitor CI charges (or discharges, depending c 
d the voltage Stored during the previous frane). Capacitor Cl charges t 
c the gatc/soorcc foliage of transistor T2 and t b o 5 stores the voltage ( 
VGS2, corresponding to the data current [ DAT) which will control the car 
rent supply tc the OEL element during the t e p r cdu c t i on stage. At the ea 
d of the piogrammiog stage, Tl and T3 are switched off. The voltage VGS 
2 is stored ca Cl lor the remainder cl the frame period. As will he rea 
dily apparent from the circuit diagram and this description, in acccrdao 
ce with the present invention there is do requirement for a bias veltage 
tc provide a current source. That is. the supply voltage (YDD) in fign 
re 3 is determined by T2 and by the OEL element and there is no r c q o i r era 
ent for a high voltage to power a c u r i e n t s c u r c e . The maximnm voltage i 
eqaired by the circuit is thos s i g o i f i c a o t 1 y less than that required by 
the circuit of f i gn r c 2. 

At the start cf the programming stage, frith T4 switched off, it is f c a v 
nd that the OEL element exhibits a parasitic capacitance which discharge 
s thrcngh the device. The rale cf charging of Cl determines the time ta 
ken for the programming stage. In accordance with circuits embodying th 
e present inveatioa, the capacitance cf Cl cm be relatively small and t 
tins the charging can be very rapid- As a consequence, the period for wh 
ich no current is applied to the OEL element by T2 is very short compare 
d with the whole frame. These factors, together with the persistence of 
vision of the human eye means that there Is oo perceptible degradation 
cf a displayed image . 

The off resistance of T3 can be important, because after Cl has been c 
barged and T3 is switched off, the off resistance of T3 can affect the v 
cltage across Cl for the rest of the frame period. Thus, the gate/scurc 
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e capacitance of T3 should preferably be small compared with CI. 

The reproduction ve-ltage VR is applied to the gate cf transistor T4, 
At tbe beginning cf 1he reproduction stage, in the c i r c n i t cf figure 3, 
T4 is switched on and Tl and T3 remain switched o I f . As a result, T2 ic 
ts as a correct source with VG S 2 biased by Cl ; thus supplying correct to 
the OEL element. At Ike end cf the r e pr o d u c t i cn ?tage T4 is s w i t c b c d c 
fi, Tl aod T3 remain switched cff. This completes one cycle. The diivin 
g waveform is indicated in figure 3. 

Figure 4 illustrates a second embodiment according to the present inre 
ntioi. The circuit of figure 4 differs from tfeat cf figure 3 in the con 
oecticn cf transistor T3. 1 o the circuit cf fignre 4. Tl is connected 
to CI through the drain/source path cf T3. The circuit cf figure 4 is p 
referred to thai of figure 3 because T3 is not in tbe current path dnrio 
g the picgramrai ng stage. Otherwise tbe operation and effects of tbe sec 
end embodiment are similar tc those cf the first embodiment. 

Figure 5 is a circuit diagram shoving a number of pixels in sd active 
matrix display, with each pixel implemented in accordance with tbe c i i c a s 
it of figure 4. To simplify the illustration, a monochrome display devi 
cc is shown. Since the circuit is cf an active matrix, pixels oa the sa 
me rcw are addressed at the same time. Transistor T3 is responsible for 
pixel addressing, sc its source terminal is connected tc the current da 
ta line shared by a cciumn cf pixels - Because of this the leakage curie 
nt cf T3 should be kept to a minimum. This can be ensured by using a mu 
Iti-gafc structure for Tl, In addition to a multi-gate structure, a lig 
htly duped drain (LDD) structure can also reduce the leakage current. 

Figure 6 is a schematic c t o s s -$ e c t i o n a 1 vieucf the physical implement 
ation cf the pixel drive/ circuit ia an OEL element structure- In figur 
e 6, numeral 132 indicates a bole injection layer, numeral 133 indicates 
an organic EL layer, and numeral 151 indicates a resist or separating s 
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t r u c t b r c - Tbc switching thin-film transistor 121 and the n-channel t jr p c 
c i r r en t-t h i n-f i Ira t r a n s i s t c r 122 adopt the structure and the process or 
diuarily used (or a I ov- 1 enpe r at a r « pclysiliccn thio-lilm transistor, so 
ch as arc used for example io known thia-film transistor liquid crystal 
display devices such as a top-gate structure and a fabrication process w 
herein tie maximum temperature is fiOQdegrees centigrade or less. Huwtve 
r, other struct arcs and processes are applicable. 

The forward oriented crgaoic EL display clement 131 is formed by: the 
piiel electrode 115 formed of AL the opposite electrode 116 formed cf I 
TO, the hole injection layer 132, and the organic EL layer 133. In the 
forward oriented organic EL display element 111, the direction nf enrren 
i cf the organic EL display device can be set frcra the opposite electrcd 
< 116 formed cf I TO to the pixel electrode 115 formed cf Al. 

The bele injection layer 132 and the crgaoic EL layer 133 may be forme 
d a s i mg an ioi-jet printing method, employing the resist 151 as a separa 
ting structure between the pixels. The opposite electrode 116 formed of 
f TO may be formed using a sputtering method. However, ether methods ma v 
y also be used for farming all of these components. 

The typical layout of a full display paoel employing the present ioven 
ticn is shcffo schematically io figure 7. The panel comprises aa active 
matrix OEL element 200 with analogue current program pixe)s : an integral 
ed TFT scanning driver 210 with 1 e t e 1 shifter, a flexible TAB tape 220 , 
and tn external analogue driver LSI 230 with an integrated RAM/ control 1 e 
r. Of course, this is only one example of the possible panel arrangemeu 
ts in which the present invention can be used. 

The structore cf the organic EL display device is not limited to the o 
ne described here. Other structures are also applicable. 

With reference for example to the circuit of figure 3, it will be appr 
eciated that the invention provides a data current source - in this case 
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for the OEL clement. The circuit is readily extended so as to provide 
an amplified and/or noltiple level (current) catpot. The principle cf s 
u c fa a circuit can be understood with reference to figure 8. the circuit 

of figure 8 comprises the circuit cf fin re- 3 with an additional drive 
transistor T5 aad an additional switching transistor T6 added. The s o i r 
ce of T5 is connected tc YDD and its gate receives the same drive vcltag 
e signal as is applied tc the gate cf transistor 12. The draia of traas 
istoi T5 is series connected to the drain cf transistor T6 ana the sonrc 
e of T6 is cconected tc the common point cf connection of transistors T2 
, T3 and T4. The gate of transistor Tfi is connected tc the gate of tran 
sister T4. If it is assumed that the characteristic of transistor T2 is 

V/L and that the characteristic cf transistor T5 is selected ic be (N-l 
)W/L then a current amplification cf:~ 
loui = fin x }l 

is achieved. fin is the current which flews through the current sink, i 
.e- IDAT in figures 3 and 4. lout is the current which flews through tb 
e OEL element. Thus the circuit cf figoTe S can be used to reduce the v N 
alee of IDAT compared with the circuit cf figures 3 and 4, while mainlai 
ning the same current through the OEL element. Lowering the * a 1 u e of ID 
AT has the advantage of enabling the operating speed of the circuit to b 
e increased. Lowering the value cf 1D.4T also has the advantage of lever 
ing the transmission loss experienced across a matrix of pixels, which i 
s particularly important with respect to large scale display panels. 

Of course, additional stages - each adding their own circuit of additi 
onal transistors T5 and T€ - can be added. With the switching transistc 
rs T6 series ccnnccteil and each receiving its own gate drive sigBal - as 
shown io figure 9 U,B etc) - different current values can be selected 
to pass through the OEL element, resulting in different intensities of 1 
ight output . 
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Preferably the circuits shewn is figures 3 tc 9 are i mp I eme c t c d using 
thin film transistor (TIT) teebno t Offj, «on preferably in poiysiliccn. 

The present invention is particularly advantageous (or use in small, m 
cbile elcctrfioic products such as mobile phones, computers, CD players, 
DVD players and the like - although it is not limited thereto. 

Several electronic apparatuses using the above organic e le c t r c I umi n e s c 
ent display d c t ice will new be described- 
<1 : fcfcbi le Computer) 

An example in which the display dc?ice according tc one cf the abc?e e 
mbediments is applied tc a mobile personal computer will now be^describe 
d. 



Figure 10 is as iscmetric iiew illustrating 


the 


configuration 


of thi 


s 


persGtal computer. In the drawing, the personal c 


cmpu t e r 1160 


is p r c v 


id 


ed with a bedy 1104 including a keyboard 1102 


sad 


a display o n i 


t 1106. 




The display unit 110 6 is implemented using a d 


ispl 


ay panel fabr 


i c a t ed 


ac 


cording to the preseot indention, as described 


a be 


ve - 






<2: Portable Pbcm> 










Next, an example in which the display device 


i S 


applied to a 


display 


i 


ecticn cf a portable phone will be described. 


Fig 


. 11 is an is 


cme t r i c 


T 


iew illustrating the configuration c( the poit 


able 


phone. In t 


he draw 


i n 


g . the portable phone 1200 is provided with a 


p 1 u r 


a 1 i t y of ope r 


a t i c n M 


«y 


s 1202, an earpiece 12 0 4, a mouthpiece 1206, a 


d d a 


display pane 


1 10Q. 


T 


his display panel 100 is implemented using a d 


ispl 


ay panel fabr 


i c a i ed 


ac 


cording to the present invention, as described 


abo 


ve . 






<3: Digital Still Camera) 










Next, a digital still camera osing an OEL di 


s p 1 1 


y device as a 


finder 


w 



ill be described. Fig. 12 is an isometric view illustrating the configa 
ration of the digital still camera and the connection to external device 
t iu brief. 
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Typical cameras sensitize films based on optica) images frcra objects, 
whereas the digital still camera MOO generates imaging signals from the 

optical image o I an object by photoelectric conversion using, for examp 
lc, a charge conpled d e r i c e (CCD). The digital still camera 1 3 0 0 is pre 
vided with aa OEL element 100 at the back lace of a esse 1302 to perform 

display based oo the imaging signals from the CCD. Thus, the display p 
and 100 functions as a finder for displaying the object. A photo acccp 
tince nail 1304 ioclidiag optical lenses and the CCD is provided at the 
front side (behind in the drawing) c! the case 1302. 

When a cameramao determines the object image displayed in the OEL elem 
ent panel 100 and releases the shutter, the image signals from the CCD a 
re transmitted and stored to memories in a circuit beard 1308. In the d 
igital still camera J 3 0 0 , video signal output terminals 1312 and inpat/c 
it put terminals 1314 for data communication are provided en a side c f tb 
e case 1302. As shorn in the drawing, a television monitor 1430 and a p 
ersonal compiler 1440 are connected to the video signal terminals 1312 a 
nti the ioprjt/ctttpot terminals 1314, r e s pe c t i Te 1 y , if necessary. The ima^ 
ging signals stored in the memories of the circuit beard 1308 are output 

to the television monitor 1430 and the personal computer 1140, by a giv 
cn opcxat icq. 

Examples of electronic apparatuses, ether that the personal computer s 
hewn in Fig. 10. the portable pboae shown in Fig. II,. and the digital St 
ill camera shown in Fig. 12, include OEL element television sets, view-i 
iadei-type and men i t or i ng-ty pe video tape recorders, car navigation syst 
eras, pagers, electronic notebooks, ponable calculators, word processors 
, workstations, TV telephones, point-of-sales system (POS) terminals, in 
d devices provided with tonch panels. Of course, the above OEL device c 
an be applied to display sections of these electronic apparatuses. 

The driver circuit of the present invention can be disposed not ooly i 



(31) %fM 2003-22049 

n a pixel of a display d d i i hui a I s e i a a driver disposed o a 1 si d e a d i s p 
lay unit. 

In. the above, the d r i 7 c r circuit cf the present invention has been des 
cribed with reference ic various display devices. The application? cf t 
he driver circuit of the present invention are much broader than jist di 
splay devices and include, for example, its use with a magne t or e s i s t i ve 
MM, a capacitance sensor, a charge seosor T a DM sensor, a Bight vision 
camera and many other devices. ' 

Figore 13 illustrates the application of the driver circuit of the pre 
seat invention to a magnetic RAM. In figure 13 a magnetic head is indie 
ated by the reference MH . 

Figure 14 illustrates the application of the driver circuit cf the pie 
sent indention tc a Eigne t c res i s t i ve element. In figure M a magnetic h 
ead is indicated by the reference M . and a magnetic register is indicat 
ed by the reference MS. 

Figure 15 illustrates the application of the driver circoit cf the pre 
Sent inventica to a eapacitaoce sensor or a charge sensor, (n figure 15 % 
a sense capacitor is indicated by the reference Csense. The circuit of 
figure 15 3s also applicable tc ether applications, such as a fiagerpri 
nt sensor and a DNA seoscr . 

Figure 16 illustrates the application cf the driver circuit of the pre 
sent invention tc a night vision camera. In figore 16 a photcccnductcr 
is indicated by refrenece X. 

In the embodiments il lost rated with reference tc the above specific de 
scriptioo the transistors have been shewn as p-chanoel type transistors. 
This is not Minting of the invention. For example, figure 17 is a br 
ief outline of an alternative imp 1 erne n t a t i c n of the circuit ol figure 4. 

In figure 17 n-chatoel transistors are ised throughout the circuit., e 
xcept for the drive transistor which is retained as a p-channel transist 
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or . 

It will be apparent tc persons skilled it) the aft that Dther variation 
s and modifications can be made tc the a r r a o geme n t s described with respe 
ct to figares 3 tc 1C without departing from the scope of the I n v e d t i 0 o . 
4. Brief Description ti Drawings 

Figure 1 shews a ccoTeoticuil OEL element piiel driver circuit u S i b g t 
wc transi stors , 

F i g a t e 2 shews a known current programmed OEL element driver with thre 
Ehold vol t a g e ccmpensat ion, 

Figure 3 shews a pixel driver circuit according to a lirst embodiment 
of the present i n y e a t i c o , 

Figure 4 shews a pixel driver circuit according to a second embodiment 
cf the present invention, 

Figure 5 shews several pixels in a matrix display wherein each pixel n 
ses tbe circuit of fig&re 4^ 

Figure 6 is a schematic sectional view cf a physical implementation cf 
an OEL element and piiel driver according to an embodiment cf the prese s 
at indention, 

Figure 7 is a simplified plan view cf an OEL display Panel iocorpcrati 
ng the present ioveo t icn, 

Figure 8 shows another embodiment cf a piiel driver circuit according 
tc the present indention. 

Figure 9 shows another embodiment cf a pixel driver circuit according 
tc the present invention. 

Figure 10 is a schematic riev of i mobile personal computer ioccrporat 
ing a display device having a pixel driver accciding to the present inve 
n t i o n , 

Figure 11 is a schematic Hew of a mobile telephone incorporating a di 
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splay device having a pixel driver according tc the present invention, 

Figure 12 is a schematic vie* of a digital camera i uc c r por a t i ng a disp 
fay device having a piiei driver according io the present invention, 

Figue 13 illustrates the application cf tit drirer circuit of the pre 
sent invention to a magnetic RAM, 

F i g 8 r e H illustrates the application c f the driver c i r c o i t c f the pre 
seat invention to a ma g nc t c r c s i S t i v e element, 

Figure 15 illustrates the application cf the driier circa it cl the pre 
seat intention tc a capacitance sensor or a charge sensor, 

Figure 16 illustrates the application of the driver circuit cf the pre 
sent invention tc a night vision camera, and 

Figure 17 is a hrief cutline cf an alternative implementation cf the c 
i r cu i t of figure 4 . 
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ABSTRACT 

A diirer circuit operating in stages that ccrapjise a pi ogi ammi ng stage 
and 3 r e p roduc t i c n stage, the circuit ccrapiising: a plurality current p 
a t fa s each cf which pafEes through t b e circuit, a current drives element, 
a transistor connected s c as o p e r a t i v e 1 j' to central the current supplie 
d to the said element, a capacitor connected for storing an cperatiBg vc 
Mage o t the transistor during the programming stage, and switching mean 
s which centre! the current paths, the arrangement beiug Such that cne c 
f the curreot paths dees act include the said element. N<j curreut is ap 
plied to the carreot drives element by the current contreillng tiaasistc 
r during the programming stage and thus the overall pcvei c c n s urnp t i c n is 
reduced- Fn r t he rmc r e . the circuit can be operated ficn a ocinial supply 
voltage rather than requiring a high bias voltage. During the prcgramm 
ing Stage, the circuit ises a current sink ratbei than a current source, 
Preferably, the current driven element is an electroluminescent cleraen 

Representative Drawings 
Figure 3 



